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[0001] The present invention relates to novel compounds, their preparation, their use and pharmaceutical composi- 
tions containing the compounds which have a strong antithrombotic effect through reversible inhibition of activated 
blood coagulation factor Vila (FVIIa). 

PgcKground of the Invention 

[0002] Thrombus formation is normally the result of tissue injury which initiate the coagulation cascade and has the 
effect of slowing or preventing blood flow in wound healing. Other factors which are not directly related to tissue injury 
like atherosclerosis and inflammation may also initiate the coagulation cascade and may lead to pathological conse- 
quences. 

[0003] Blood coagulation is a complex process involving a progressively amplified series of enzyme activation reac- 
tions in which plasma zymogens are sequentially activated by limited proteolysis. Mechanistically the blood coagulation 
cascade has been divided into intrinsic and extrinsic pathways, which converge at the activation of factor X; subsequent 
generation of the thrombin proceeds through a single common pathway (see Scheme 1). 
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Scheme 1: Blood coagulation cascade 



[0004] Present evidence suggests that the intrinsic pathway plays an important role in the maintenance and growth 
so of fibrin formation, while the extrinsic pathway is critical in the initiation phase of blood coagulation (H. Cole, Aust. J. 
Med. Chem. 16 (1995) 87; G.J. Broze, Blood Coagulation and Fibrinolysis &, Suppl.1 (1995) S7-S13). It is generally 
accepted that blood coagulation is physically initiated upon formation of a tissue factor(TF)/factor Vila complex. Once 
formed, this complex rapidly initiates coagulation by activating factors IX and X. The newly generated activated factor 
X, i. e. factor Xa, then forms a one-to-one complex with factor Va and phospholipids to form a prothrombinase complex, 
55 which is responsible for converting soluble fibrinogen to insoluble fibrin via the activation of thrombin from its precursor 
prothrombin. As time progresses, the activity of the factor Vila/tissue factor complex (extrinsic pathway) is suppressed 
by a Kunitz-type protease inhibitor protein, TFPI, which, when complexed to factor Xa, can directly inhibit the proteolytic 
activity of factor Vila/tissue factor. In order to maintain the coagulation process in the presence of an inhibited extrinsic 
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system, additional factor Xa is produced via the thrombin-mediated activity of the intrinsic pathway. Thus, thrombin 
plays a dual autocatalytic role, mediating its own production and the conversion of fibrinogen to fibrin. 
[0005] The autocatalytic nature of thrombin generation is an important safeguard against uncontrolled bleeding and 
it ensures that, once a given threshold level of prothrombinase is present, blood coagulation will proceed to completion. 
5 The ability to form Wood clots is vital to survival. In certain disease states, however, the formation of blood clots within 
the circulatory system is itself a source of morbidity. It is nevertheless not desirable in such disease states to completely 
inhibit the clotting system because life threatening hemorrhage would ensue. Thus, it is most desirable to develop 
agents that inhibit coagulation by inhibition of factor Vila without directly inhibiting thrombin. 
[0006] In many clinical applications there is a great need for the prevention of intravascular blood clots or for some 
w anti-coagulant treatment. The currently available drugs are not satisfactory in many specific clinical applications. For 
example, nearly 50 % of patients who have undergone a total hip replacement develop deep vein thrombosis (DvT). 
The currently approved therapies are fixed dose low molecular weight heparin (LMWH) and variable dose heparin. 
Even with these drug regimes 10 % to 20 % of patients develop DvT and 5 % to 10 % develop bleeding complications. 
[0007] Another clinical situation for which better anticoagulants are needed concerns subjects undergoing translumi- 
15 nal coronary angioplasty and subjects at risk for myocardial infarction or suffering from crescendo angina. The present, 
conventionally accepted therapy, which consists of administering heparin and aspirin, is associated with a 6 % to 8 % 
abrupt vessel closure rate within 24 hours of the procedure. The rate of bleeding complications requiring transfusion 
therapy due to the use of heparin also is approximately 7 %. Moreover, even though delayed closures are significant, 
administration of heparin after termination of the procedures is of little value and can be detrimental. 
20 [0008] The most widely used blood-clotting inhibitors are heparin and the related sulfated polysaccharides, LMWH 
and heparin sulfate. These molecules exert their anti-clotting effects by promoting the binding of a natural regulator of 
the clotting process, anti-thrombin III, to thrombin and to factor Xa. The inhibitory activity of heparin primarily is directed 
toward thrombin, which is inactivated approximately 100 times faster than factor Xa. Hirudin and hirulog are two addi- 
tional thrombin-specific anticoagulants presently in clinical trials. However, these anticoagulants, which inhibit thrombin, 
25 also are associated with bleeding complications. Preclinical studies in baboons and dogs have shown that targeting 
enzymes involved at earlier stages of the coagulation cascade, such as factor Xa or factor Vila, prevents clot formation 
without producing the bleeding side effects observed with direct thrombin inhibitors (T. Yokoyama, A.B Kelly, U.M 
Marzec, Hanson SR, S Kunitada, L.A Harker, Circulation 92 (1995),485491; L.A Harker, S.R Hanson, A.B Kelly, 
Thromb Hemostas 74 (1995) 464-472; C.R Benedict, J Ryan, J Todd, K Kuwabara, P Tyburg, Jr. J Cartwright, D. Stern! 
30 Blood 81 (1993,2059-2066). 

[0009] Specific inhibition of the factor Vlla/TF catalytic complex using monoclonal antibody (International Application 
No. WO920671 1) and a protein such as chloromethyl ketone inactivated FVIIa (International Appl. No. WO9612800 and 
W09747651) is an extremely effective means of controlling thrombus formation caused by acute arterial injury or the 
thrombotic complications related to bacterial septicemia. There is also experimental evidence suggesting that inhibition 
35 of factor Vlla/TF activity inhibits restenosis following ballon angioplasty (L.A Harker, S.R Hanson, J.N Wilcox, A.B Kelly, 
Haemostasis 26 (1996) S1 :76-82). Bleeding studies have been conducted in baboons and indicate that inhibition of the 
factor Vlla/TF complex has the widest safety window with respect to therapeutic effectiveness and bleeding risk of any 
anticoagulant approach tested including thrombin, platelet and factor Xa inhibition (LA Harker, S.R Hanson, A.B Kelly, 
Thromb Hemostas 74 (1995) 464-472). 
40 [0010] A specific inhibitor of factor Vila would have substantial practical value in the practice of medicine. In particular, 
a factor Vila inhibitor would be effective under circumstances where the present drugs of choice, heparin and related 
sulfated polysaccharides, are ineffective or only marginally effective. Thus, there exists a need for a low molecular 
weight, factor Vila-specific blood clotting inhibitor that is effective, but does not cause unwanted side effects. The 
presentlnvention satisfies this need by providing factor Vila activity inhibiting derivatives of formula I and by providing 
45 related advantages as well. 

[001 1] The compounds of formula I are inhibitors of the blood clotting enzyme factor Vila. The invention also relates 
to processes for the preparation of the compounds of formula I, to methods of inhibiting factor Vila activity and of inhib- 
iting Wood clotting, to the use of the compounds of formula I in the treatment and prophylaxis of diseases which can be 
cured or prevented by the inhibition of factor Vila activity such as thromboembolic diseases, and restenosis and the use 
so of the compounds of formula I in the preparation of medicaments to be applied in such diseases. The invention further 
relates to compositions containing a compound of formula I in a mixture or otherwise in association with an inert carrier, 
in particular pharmaceutical compositions containing a compound of formula I together with pharmaceutically accepta- 
ble carrier substances and auxiliary substances. 

55 Summary of the invention 

[0012] The present invention provides compounds that specifically inhibit factor Vila activity. The compounds of the 
invention have the formula I 
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R1-A-B-D-E n -R2 (I) 

wtierein 

R1 represents 
hydrogen, 

1 to 3 amino acids, the N-terminus of which can be substituted with a substituent selected from the group con- 
sisting of R14CO, R1 5S0 2 and an amino protecting group, 
R12C(0)or 
R13, 
wherein 

R12 is selected from the group consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylamino, alkenylamino, 

alkynylamino, alkenyioxy, alkynyloxy, aryi, heteroaryl, heterocycloalkyl, heteroarylalkyl, hetero- 
cycloalkylalkyl, heteroalkyl, heteroalkenyl and heteroalkynyl, which radicals can be substituted, 

R13 is selected from the group consisting of an amino protecting group, hydrogen, alkyl, aryl, aryla- 

Ikyi, heteroaryl, heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyi, 

R14 and R15 are independently selected from the group consisting of alkyl, aryl, arylalkyl, heteroaryl, heter- 
oarylalkyl, heterocycloalkyl and heterocycloalkylalkyi, 

A is the group A1-A2-A3, wherein 

A1 is NR91, wherein R91 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyi, heteroaryl, 
heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyi, 

A2 is CR92R93, wherein R92 and R93 independently are selected from the group consisting of hydrogen and 
the radicals alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl. heterocycloalkyl and heterocycloalkylalkyi, 
which may be substituted, 

A3 is C(O), 

B is the group B 1 -B2-B3, wherein 

B1 is NR95, wherein R95 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyi, 

B2 is CR96R97, wherein R96 and R97 are independently selected from the group consisting of hydrogen and 
the unsubstituted or substituted radicals alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl 
and heterocycloalkylalkyi, 

B3 is C(O), 

D is the group D1-D2-D3, wherein 

D1 is NR80, wherein R80 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, heterocycloalkyl and heterocycloalkylalkyi, 

D2 is CR81R82, wherein R81 and R82 are independently selected from the group consisting of hydrogen and 
unsubstituted or substituted alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl and heterocy- 
cloalkylalkyi. 

D3 is C(0), 



E n is (E1-E2-E3) n , wherein 
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n is an integer of from 0 to 3, 



E1 
E2 



cloalkylalkyl, wywmyi, neteroaryl, heteroarylalkyl, heterocycloalkyl and heterocy- 



w 
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E3 is C(0) 
R2 



is selected from the group consisting of NR21R22, OR23 and R24 wherein R21 a „H do,. 

and pharmaceutical^ acceptable salts thereof. 



20 



25 



[001 3] Preferred are compounds of the formula I 
wherein 

R1 is R12 CO, wherein R12 is as defined 
AisA1-A2-A3, wherein 

A1 is -NH-, 

A2 is -CR92R93-, wherein R92 is hydrogen and R93 is as defined 
A3 is -CO-, 

B is B1-B2-B3, wherein 

30 B1 is -NH-, 

B2 is -CR96R97-, wherein R96 is hydrogen and R97 is as defined 
B3 is -CO-, 

Dis D1-D2-D3, wherein 

35 

D1 is-NH- ( 

D2 is -CR81R82-, wherein R81 is hydrogen and R82 is as defined 
D3 is -CO-, 

" E n is (E1-E2-E3) n , wherein 

n is 1 or 2, 
E1 is -NH-, 

E2 is -CR71 R72-, wherein R71 is hydrogen and R72 is as defined 
45 E3 is -CO-, and 

R2 is as defined. 

*> e> rrssz 1 " 8 abwe indicated prefeTOd compound8 ° f me for ™ ia <■> ^ " is 1 «* « 

E SpeCi<iC ^P' 68 of *• COm P° unds <* ^ mention include, for example, the compounds listed in Table 2 
[0016] The compounds of the formula I can be prepared by 

55 ^SS^i!^Si IT?* W Fmo <>^-D2-COOH. where Fmoc is 9-fluoreny.methox- 

i^gS Fmoc^' ^ 98 herembefore define * to a Ri^-amlde resin and then cieaving off the protect- 

a2) repeating the procedure as described in step a1) above with Fmoc-B1-B2-COOH. 
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a3) repeating the procedure as described in step a1) above with R1-A1-A2-COOH, and 

a4) finally cleaving off the compound obtained according to steps a1) through a3) above by means of TFA from the 

resin, where TFA is trifluoroacetic acid, or 

bi) coupling the side chain carboxylic acid of Fmoc-B1-CH(R97)-COOPG, where Fmoc is as defined in step a1) 
5 above, R97 is a radical as defined above except hydrogen, which is substituted with a hydroxycarbonyl group, and 
PG is a protecting group, to an acid sensitive benzylalcohol type of linker attached to an amino functional ized resin, 
b2) cleaving off the protecting group PG, 

b3) coupling HN(R80)-D2-D3-E n -R2, where D2, D3, E n , R2 and R80 are as defined above, to the free carboxylic 
acid of the compound obtained in step b2) above by means of a suitable coupling agent, 
10 b4) cleaving off the Fmoc group, 

b5) coupling of the compound R1-A1-A2-COOH in analogy to the above described procedure, and 
b6) cleaving off the compound obtained in step b5) by means of TFA, or 

d) coupling of protected amino acids by traditional medicinal chemistry and deprotecting to the target molecules 
by standard procedures known in the art. 

15 

Detailed Description of the invention 

[0017] The present invention provides peptides of the formula I 

20 R1. A -B-D-E n -R2 (|) 

which are compounds that inhibit factor Vila activity but do not substantially inhibit the activity of other proteases 
involved in the blood coagulation pathway. 

[0018] As used herein, the term, "amino acid*' is used in its broadest sense to mean the twenty naturally occurring 
25 amino acids, which are translated from the genetic code and comprise the building blocks of proteins, including, unless 
specifically stated otherwise, L-amino acids and D-amino acids, as well as chemically modified amino acids such as 
amino acid analogs, naturally-occurring amino acids that are not usually incorporated into proteins such as norleucine, 
and chemically synthesized compounds having properties known in the art to be characteristic of an amino acid. For 
example, analogs or mimetics of phenylalanine or proline, which allow the same conformational restriction of the pep- 
30 tide compounds as natural Phe or Pro, are included within the definition of "amino acids" and are known to those skilled 
in the art Such analogs and mimetics are referred to herein as "functional equivalents" of an amino acid. Other exam- 
ples of amino acids and amino acids analogs are listed by Roberts and Vellaccio (The Peptides: Analysis, Synthesis, 
Biology, Eds. Gross and Meienhofer, Vol. 5, p. 341, Academic Press. Inc., N.Y. 1983, which is incorporated herein by 
reference). Abbreviations of amino acids, amino acid analogs and mimetic structures used in application are listed in 
35 Table! 
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Table 1 

Abbreviations use d in the sgecifi^tion 
Compound Abbreviation No. 1 Abbreviation No. 2* 



Alanine 


Ala 


Allyloxycarbonyl 


Alloc 


m-Amidinophenylalanine 


m-Aph 


p-A/nidinophenylalanine 


p-Aph 


2-Aminobutyric acid 


2-Abu 


Arginine 


Arg 


Asparagine 


Asn 


Aspartic acid 


Asp 


Benzoyl 


Bz 


Benzyl 


Bzl 


t-Butyloxycarbonyl 


Boc 


t-Butyl 


tBu 


Y-Cartx>xyglutamic acid 


Gla 


Cyclohexyl 


Chx 


Cyclohexylalanine 


Cha 


Cysteine 


Cys 


2,4-Diaminobutyric acid 


Oab 


2,3-Diaminopropionic acid 


Dap 


Dichloromelhane 


DCM 


Oiisopropylcarbodiimide 


DIC 


Oiisopropyethylamine 


OIEA 


N, N-Oimethylformamide 


DMF 


Dimethylsulfoxjde 


DMSO 


9-Fluorenylmethyioxycarbonyl 


Fmoc 


Glutamic add 


Glu 
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!h! S N^L nClUdin ? P ,asmi " a " dthromb ' n ( usi "9 same concentration of the inhibitor). Such proteases are involved in 
the blood coagulation and fibrinolysis cascade. 'nvoivea in 

S! 2 hL^ USed he ; ein ; the,erm "substituent" refers to any of various chemical groups that is substituted onto the pep- 
bde backbone or side dram of a peptide, peptide analogue, mimetic or organic compound disclosed herein Asubstft- 

5 uent can include any of a variety of different moieties known to those skilled in the art (see. for example Gianni and 
Kolter , Angew. Chem. Int. Ed. Eng.. 32:1244-1267 (1993), which is incorporated herein by reference) 
[0022] As used herein, the term "alky!" is used in the broadest sense to mean saturated or^nsaturated linear 
branched or cydic chains of about 1 to 13 carbon atoms. Thus, the term "alky." includes, for example me thyTethyT n- 
propyl, isopropyl, sec-butyl, 1 -methylbotyl, 2.2-dimethylbutyl. 2-methylpentyl. 2.2-dimethylproS^ TpeZ^tiTteZ 

io groups alkylene groups, cyclic chains of carbon atoms such cyclohexyl and cyclopentyl groups', a w2 as c£S- 
tons of ..near or branched chains and cyclic chains of carbon atoms such as a methyl-cycfohexj or c^doproS 1^- 

s?mifeT£ ^ d S- rt ^ . be JTf 9nizad «* an as dafinad caTbesubstiSed 5hJ2ES 
Slt ,^ f USad 10 ,ts bfoade *t se"se to mean saturated or unsaturated, linear, branched or cycle 

™« Ft encompasses, for example, groups such as formyl. acetyl, benzoyl and the like 
22? Prefe ™ bly, 1 ! *" ^ rm - alk y" means saturated - ""ear or branched chains Of from 1 to 6 carbon atoms unsatu- 
rated linear or branched chains of from 2 to 6 carbon atoms, or cydic alky, groups offrom 3 to 6 cart^ 

S SiS^JT FTO ^ e U0SatUrated ^ * and Ca-Ce-alkynyl are pSeS 

[0024] Preferably, the term .acyt" means the hereinbefore mentioned saturated or unsaturated, linear branched or 
20 cydic chains having the preferred range of carbon atoms, which contain a carboxyl group 

HZ J^Z'J?" ?JT t0 ar0ma,iC 9r0UPS C ° ntaining ab0Ut 5 10 13 cart)on atoms and at '^st one "ring" group 

atZf fZ^ 9 f S f em - Preferable ' ^ tefm " aryl " refers 10 aromatic 9 rou P* having 6 to 10 carboS 

^STSSSL^ ^ ^T-l : henyl ' naPhthy1 ' flUOrenyl ' ^"P* and analogues and derTv- 

« !Tf thereof all of which optionally can be substituted with one or more substituents. The term "arylalkyl" refers to an 

cSorS S'beTubSSeT' * ^ " a P^™thy1. naphtylethyl and tf?e like, ai, of 

iH, r^"" 8 " neteroar y ,a,k y r and "heteroaryl" also are used herein and refer to an a.kyl. an aryla- 

a N O or S atom. In addibon. the term "heterocydoalkyl" is used in reference to a cydic a.kyl group that is substituted 
rms^flTi et r t0mS ' *° ,erm *°«™*<*°*W means a cydoalky. group having " EES 

atoms, of which 1 to 3 are replaced with hetero atoms such a N, O or S atoms. Suitable heteroaryl groups heteroary- 
lalkyl groups and heteroalkyl groups indude, for example, pyridyl. thienyl. indoiyl. imidazolyl. fuSJ pX'ny p^M 
Sn L P>Pe T te ^ hydr0fur y- mor P holin * P^nV and the like, all of Ich can optonallyTsubiS " 
[0027] The peptides of the invention can be modified at the N-terminus and/or the C-terminus by reaction wim suable 
reagents or by introduction (or by the presence of) an amino-protecting group or carboxy-protSg gC ££££ 

sbtuted, for example, by an acyl group (for example acetyl, cydopentylcarboxy, isoquinolylcarboxy. furoyl tosyl benzovl 
pyraz,necarooxy or other such group), by reaction with an isocyanate. chloroform!. alkylating^genT^; *f n ^ g 
other such group, all of which can be substituted by a substituent as described above. It should be rocogrJzed mat tne 
term amino group" is used broadly herein to refer to any free amino group, induding a primary^e3r?or 
anw,o group present , n a peptide. In comparison, the term "N-terminus" refers to the a-amino group of ^rst amfno 
aad present in a peptide written in the conventional manner. 

EfJL^J 8 "^ °' 3 PepBde ° f the invenfon 66 P rotected "y linki "9 thereto an amino-protecting group 

Jot ^ Luirfo^L 9 ^ 18 US6d ^ ^ 40 fefer 10 8 ChemiC81 flroup mat «" react - ith a fr ~ s* 
group, induding for example, the a-am.no group present at the N-terminus of a peptide of the invention Bv virtue of 

reactmg therewrth. an amino-protecting group protects the otherwise reactive aminS group aJai^SsSbte^ 

So^^ n ^ f '^ eXamP,e,dUri ^ aWcp ^ ureorduato ^^^ 

rr n0 9,DUP . a, w 03,1 pr0Vide ad<,it0nal adV8n,i * es ' inc,udi "9' for *™*°> 'casing meTubilrtyor 
^udTferirir^ Vafi0US amin ^ rotec «"9 groups are disdosed herein or otherwise known in the art and 
bTnzoS ^T^l 9r ° UPS 8UCh a ! a " aCety,> ^^carbonyl. allyloxycarbonyl, benzyloxycarbony. group, 
aa we " 88 a " am,noac y resid "a. «hich itself can be modified by an aminc-protecting group. Othe 

^T^y^'^ZT**- for .r mp,ei ^ PeptWeS - Gr0SS and Meianbofer - Vo ' 3 (Anemic 
U^'^LtZl^v v ^^" e 8nd WutSl in Protective Grou P s in 0r 9 anic s y"thesis 2d ed.. pages 309^05 

tmz LZ^r™ am,no group of a ° r ^ ana,os ° f ^ invenfon is referred 10 « is 

[0029] Similarly, a carboxy group such as the carboxy group present at the C-terminus of a peptide can be chemically 
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Table 2 



~cZZ 'able 2 

-^^^^^f£^ 

: ^f^^^e^T 

i* 11 ™ 1 ^®^ -ZZZ_l_wo^' 

A// y .a mi „oca rt> ony ( -p A p t , G| 

^oc-pApMS^^ 2,ChaNH ^ 
AHocpAph-Glu-Dab<; h a-NH 2 

AHoc-pAp h . G(u . G , y . c ^ NH2 
^PAph-Glu-Aso-NH-CH^hx 

Alloc-pAph-Glu-Oabf-CfsNHJ-NH^-Cha-NH 
f ^Ap^,^^ 

'^pAp^^f'^^e 

I ^^'"-CysfBzO-Cba-NH, 

AJIoc-pAph-G/u-T^Cha-NH 2 
f ^PApfKSIu-Phg-Cha-NHj 

10039] These res^«J nh,b,t0fyactivi ««s. ""■'<* are a teasnS^ nh ' b,t0,yactivi ^ 

not substantial S t K ° nStrate ** the comoourvic tlmes as h/gh as the 

~=5ta*£S~==-- 

nere,n « m © term "effective 
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amounr when used in reference to a compound of the invention means an amount of a compound that inhibits factor 
Vila activity. The skilled artisan would recognize that an effective amount of a compound of the invention can be deter- 
mined using the methods disclosed herein (see Example 22) or otherwise known in the art. In view of the disclosed util- 
ity of a compound of the invention, the skilled artisan also would recognize that an agent such as heparin can be 
5 replaced with a compound of the invention. Such a use of a compound of the invention can result, for example, in a cost 
saving as compared to other anticoagulants. 

[0041] In addition, a compound of the invention can be administered to an individual for the treatment of a variety of 
clinical conditions, including, for example, the treatment of a cardiovascular disorder or a complication associated, for 
example, with infection or surgery. Examples of cardiovascular disorders include restenosis following angioplasty, adult 
10 respiratory disstress syndrome, multi-organ failure, stroke and disseminated intravascular coagulation clotting disorder. 
Examples of related complications associated with surgery include, for example, deep vein and proximal vein thrombo- 
sis, which can occur following surgery. Thus, a compound of the invention is useful as a medicament for reducing or 
inhibiting unwanted coagulation in an individual. 

[0042] Since a compound of the invention can inhibit factor Vila activity, such a compound can be useful for reducing 
is or inhibiting blood clotting in an individual. As used herein, the term "individual" means a vertebrate, including a mam- 
mal such as a human, in which factor Vila is involved in the clotting cascade. 

[0043] Blood clotting in an individual can be reduced or inhibited by administering to the individual a therapeutically 
effective amount of a compound of the invention. As used herein, the term "therapeutically effective amounr means the 
dose of a compound that must be administered to an individual in order to inhibit factor Vila activity in the individual. 

20 More specifically, a therapeutically effective amount of a compound of the invention inhibits factor Vila catalytic activity 
either directly, within the prothrombinase complex or as a soluble subunit, or indirectly, by inhibiting the assembly of fac- 
tor Vila into the prothrombinase complex. In particular, such compounds can inhibit factor Vila activity with a Ki < 500 
nM and, preferably, with a Ki £ 50 nM. A therapeutically effective amount can be determined using the methods 
described, for example, in Example 22 or otherwise known in the art 

25 [0044] In the practice of a therapeutic method of the invention, the particular dosage to obtain a therapeutically effec- 
tive amount of a pharmaceutical composition to be administered to the individual will depend on a variety of consider- 
ations, including, for example, the nature or severity of the disease, the schedule of administration and the age and 
physical characteristics of the individual. An appropriate dosage can be established using clinical approaches well 
known in the medical art. Thus, the invention provides a method of specifically inhibiting factor Vila activity by contact- 

30 ing factor Vila with a compound having the formula R1 -A-B-D-E n -R2. The invention further provides a method of reduc- 
ing or inhibiting the formation of a blood clot in an individual by administering a therapeutically effective amount of a 
compound of the invention. 

[0045] A compound of the invention generally will be administered to an individual as a composition containing the 
compound and a pharmaceutical ly acceptable earner. The term "pharmaceutically acceptable carrier" refers to a 

35 medium or composition that is non-toxic to an individual or has acceptable toxicity as determined by the appropriate 
regulatory agency. As used herein, the term pharmaceutically acceptable carrier encompasses any of the standard 
pharmaceutical carriers such as phosphate buffered saline, water, an emulsion such as an oil/water or water/oil emul- 
sion, or any of various types of wetting agents. Suitable pharmaceutical carriers and their formulations are described 
by Martin (in Remington's Pharmaceutical Sciences, 15th Ed. (Mack Publishing Co., Easton 1975) which is incorpo- 

40 rated herein by reference). Such compositions will, in general, contain a therapeutically effective amount of a compound 
of the invention together with a suitable amount of carrier so as to comprise the proper dosage for administration to an 
individual. Thus, the claimed compounds can be useful as medicaments for inhibiting factor Vila activity and blood clot- 
ting in an individual. 

[0046] Pharmaceutically acceptable carriers also can include, for example, other mediums, compounds or modifica- 
45 tions to a factor Vila inhibitor compound that enhances its pharmacological function. A pharmaceutically acceptable 
medium can include, for example, an acid addition salt such as a salt formed with an inorganic acid such as hydrochloric 
acid, hydrobromic acid, phosphoric acid, sulfuric acid or perchloric acid, or with an organic acid such as acetic acid, 
oxalic acid, maleic acid, malic acid, tartaric acid, citric acid, succinic acid or malonic acid. Other pharmaceutically 
acceptable salts include, for example, inorganic nitrate, sulfate, acetate, malate, formate, lactate, tartrate, succinate, cit- 
so rate, p-toluenesulfonate, and the like, including, but not limited to, cations based on the alkali and alkaline earth metals 
such as sodium, lithium, potassium, calcium or magnesium, as well as non-toxic ammonium, quaternary ammonium 
and amine cations such as ammonium, methylammonium, dimethylammonium, trimethylammonium, tetramethylam- 
monium, ethylammonium, triethytammonium and tetraethylammonium. 

[0047] Examples of modifications that enhance the pharmacological function of the compound include, for example. 
55 esterification such as the formation of to C 6 alkyl esters, preferably to C 4 alkyl esters, wherein the alkyl group is 
a straight or branched chain. Other acceptable esters include, for example, C 5 to C 7 cycloalkyl esters and aryialkyl 
esters such as benzyl esters. Such esters can be prepared from the compounds described herein using conventional 
methods well known in the art of peptide chemistry. 
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[0048] Pharmaceutical^ acceptable modifications also can include, for example, the formation of peptide amides 
Such amide modifications, which can be effected upon the compounds of the invention, include, for example those 
derived from ammonia, primary C t to C 6 dialkyl amines, where the alkyl groups are straight or branched chain or 
arylammes having various substitutions. In the case of secondary amines, the amine also can be in the form of a 5 or 
6 membered heterocyde containing, for example, a nitrogen atom. Methods for preparing such amides are well known 
in the art. 

[0049] In another embodiment of the invention, a compound of the invention can be used in an assay to identify the 
presence of factor Vila or to isolate factor Vila in a substantially purified form. Preferably, the compound of the invention 
is abeled with, for example, a radioisotope, and the labeled compound is detected using a routine method useful for 
detecting the particular label. In addition, a compound of the invention can be used advantageously as a probe to detect 
the location or amount of factor Vila activity in vivo, in vitro or ex vivo. 

[0050] It is understood that modifications that do not substantially affect the activity of the various embodiments of this 
invention are included within the invention disclosed herein. Accordingly, the following examples are intended to illus- 
trate but not limit the present invention. 

Example 1 

Peptide synthesi s procedures an d general synthesis p rnrertur^ 

[0051] Starting materials used in the synthesis were obtained from chemical vendors such as Aldrich Sigma Fluka 
Nova Biochem and Advanced Chemtech. During the synthesis, the functional groups of the amino acid derivatives used 
were protected by blocking groups to prevent side reaction during the coupling steps. Examples of suitable protecting 
groups and their use are described in The Peptides, supra, 1981, and in Vol. 9, Udenfriend and Meienhofer ed 1987 
which is incorporated herein by reference. 

[0052] General solid-phase peptide synthesis was used to produce the compounds of the invention. Such methods 
are descnbed, for example, by Steward and Young (Solid Phase Peptide Synthesis (Freeman & Co., San Francisco 
1969), which is incorporated herein by reference). 

[0053] Unless indicated otherwise, peptides were synthesized on TentaGel S NH 2 Resin (Rapp Polymere Tubingen 
Germany). An acid sensitive linker P-[(R.S)-a-[1-(9H-FluorerH9-yl^ 

acetic acid (Knorr Linker) was coupled to the solid support (Bernartowicz, et. al, Tetr. Lett. 30:4645 (1989); incorporated 
herein by reference). Alternatively, peptides were synthesized on polystyrene resin cross-linked with 1 % divinylben- 
zene modified with an acid sensitive linker (Rink resin) (Rink, Tetr. Lett. 28, 3787 (1987); Sieber, Tetr. Lett. 28 2107 
(1987), each of which is incoporated herein by reference). When peptides were synthesized by first coupling the 
sidechain carboxytic acid of a compound of the formula Fmoc-B1-CH(R97)-COOPG to the resin, TentaGel S NH 2 resin 
modified by attachment of the HMPA linker was employed. Coupling was performed using N.^-diisopropylcarbodiimide 
(DIC) in the presence of an equivalent amount of HOBt, with the exception of Alloc-pAph-OH, where 2 equivalents of 
HOBt were used. All couplings were done in either N,N-dimethylformamide (DMF) or DMF.DMSO (1:1 mixture) at room 
temperature (RT). Completion of coupling was monitored by ninhydrin test. A second (double) coupling was performed 
where coupling in the first instance was incomplete. 

[0054] Deprotection of the Fmoc group was accomplished using 50% piperidine in DMF for 2+10 min. The amount of 
Fmoc released was determined from the absorbance at 300 nm of the solution after deprotection, volume of washes 
and weight of the resin used in the synthesis. 
[0055] The cycle of each coupling was as follows: 



Step 


Action/Reagent 


Solvent 


1. 


0.5 g of functionalized Peptide Resin 




2. 


3 fold-excess amino acid derivative/HOBt/DIC 


4ml DMF 


3. 


Couple (min. 1h) 




4. 


Wash (3x5 ml) 


DMF 


5. 


Ninhydrin test 




6. 


Deprotection (2+10 min) 






Piperidine/DMF 


5ml 50% 
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(continued) 



Step 


Action/Reagent 


Solvent 


7. 
8. 


Wash (6x5 ml) 
Repeat starting at step 2 


DMF 



[0056] After completion of peptide assembly on the resin, the final Fmoc deprotection, if necessary, was performed. 
The peptide resin was then washed successively with DMF and DCM and the peptide was then cleaved and depro- 
10 tected by a mixture TFA/thioanisole (95/5) for 1.5 hour, unless specified otherwise. The resin was washed with DCM 
and DCM wash combined with TFA releasate. The solution was evaporated, the product precipitated by anhydrous die- 
thyl ether and the solid precipitate was isolated by filtration or centrifugation and dried in vacuum over solid pellets of 
KOH. The solid was redissolved in a mixture of water and acetonitrile and lyophylized. 

[0057] The dried peptide was subjected to HPLC purification using an appropriate gradient of 0. 1 % TFA in water and 
15 acetonitrile (ACN). After collecting the peak containing the intended synthetic product, the peptide solution was lyophi- 
lized and the peptide was subjected to an identification process, which included electrospray MS, NMR and amino acid 
analysis to confirm that the correct compound was synthesized. 

[0058] For HPLC analysis, a sample of the product was analyzed using Beckman HPLC system (consisting of 126 
Solvent Deliver System, 166 Programmable Detector Module 507e Autosampler, controlled by Data Station with Gold 

20 Nouveau software) and YMC ODS-AM 4.6x250mm column at 230 nm and flow rate 1 ml/min. 

[0059] For product purification, a sample of crude lyophilized peptide was dissolved in a mixture of 0. 1 % aqueous TFA 
containing 10% to 50% ACN. The peptide solution usually was filtered through a syringe connected to a 0.45 nm 
"ACRODISC" 13 CR PTFE (Gelman Sciences; Ann Arbor Ml) filter. A proper volume of filtered peptide solution was 
injected into a semi-preparative C18 column (Vydac Protein and Peptide C18, 218TP1022 (22x250mm); The Separa- 

25 tion Group; Hesperia CA, or YMC ODS-A column (20x250mm), YMC, Inc., Wilmington, NC). The flow rate of a gradient 
or isocratic mixture of 0.1% TFA buffer and ACN (HPLC grade) as an eluent was maintained using a Beckman "SYS- 
TEM GOLD" HPLC (Beckman, System Gold, Programmable Solvent Module 126 and Programmable Detector Module 
166 controlled by "SYSTEM GOLD" software). Elution of the peptide was monitored by UV detection at 230 nm. After 
identifying the peak corresponding to the compound under synthesis using MS, the compound was collected, lyophi- 

30 lized and biologically tested. MS was performed using a VG Platform (Fisons Instruments) instrument in ES+ mode. In 
addition, NMR was performed using a Bruker Avance DPX 300 instrument. For NMR, samples typically were measured 
in DMSO-d 6 (Aldrich). 

Example 2 

35 

Synthesis of AJloc-pAph-QH 

[0060] The same procedure is applicable to Alloc-(D)-pAph-OH 
40 Alloc-Phe(4-CN)-OH 

[0061] 5.7 g (30 mmol) of H-Phe(4-CN)-OH were dissolved in 100 ml 1 M NaOH with addition of 2M NaOH to pH=10 
with ice cooling. With vigorous stirring, allylchloroformate (7.5ml) was slowly added (pH kept at 10 by 2M NaOH). Reac- 
tion was stirred at 0°C for 15 min and at RT for 30min, acidified with HCI to pH =2, extracted with EtOAc (3 times), dried 
45 MgS0 4 and evaporated. Recrystalized from EtOAc/hexanes. 
White solid, 7.0g (85%). 

AllooPhe(4-C(=S)-NH 2 )-OH 

so [0062] 2.74g of Alloc-Phe(4-CN)-OH was dissolved in mixture pyridine(50 ml)/Et 3 N(20 ml) and H 2 S was passed 
through for 30 min. Reaction mixture was kept overnight at RT and evaporated. Drying on high vacuum gave 3.21 g of 
solid foam of the crude thioamide, which is directly converted to the methylthioimidate. 

Alloc-Phe(4-C(=NH)-SCH 3 )-OH • HI 

55 

[0063] 1 g of Alloc-Phe(4-C(=S)-NH2)-OH was dissolved in acetone (50 ml) and Mel (5 ml) was added. Reaction was 
kept overnight at RT, volatile solvents evaporated (fast, 35°C max) and the residue treated with Et 2 0. After 1 hour at 
0°C, ether was decanted, product washed with Et 2 0 and dried in vacuum. Yellow solid foam, directly converted to ami- 
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dine. 

Alloc-pAph-OH 

5 [0064] All of the Al!oc-Phe(4-C(=NH)-SCH 3 )-OH • HI above was dissolved in 50 ml methanol with 300 ul of acetic 
acid and 0.5 g of ammonium acetate was added. Mixture was heated for 3 hours to 55°C, evaporated and 10 ml of ace- 
tone was added. After 2 hours at 0°C. the solid product was filtered, washed with little cold acetone, little cold methanol 
and diethyl ether and dried in vacuum. Yellowish solid, yield 0.53g. 

w Example 3 

S ynthpsis of Alloc-oAph-GIU-ArQ-Cha-NH ? 

[0065] To 1g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
ts eral procedures outlined in Example 1 , following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)- 
OH. Fmoc-Glu(OtBu)-OH and Alloc-pAph. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) 
for 3 hours and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 729.1, calc. 729.4. 

20 Example 4 

S ynthBsis of AIM-NH-CO-pAorwGlu- Arq-Cha-NH 2 

[0066] To 0.5g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gerv 
25 eral procedures in Example 1, following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and Fmoc-Phe(4-CN). After N-terminal Fmoc deprotection, the resin was treated with solution of 
1 mmol of allylisocyanate in 3 ml of DMF for 2 hours. The resin was then washed with DMF and triethylamine/pyrid- 
ine(1:2) and treated with saturated solution of H 2 S in pyridine/triethylamine overnight. The resin was washed with ace- 
tone and the thioamide resin was reacted with methyiiodide (3 ml of 10% solution of methytiodide in acetone) for 6 
30 hours. The methylthioimidate resin was washed with acetone, methanol and treated with solution of 0.2g ammonium 
acetate, 100 uJ acetic acid in 3 ml of methanol at 55°C for 3 hours. The resin was washed with methanol, DMF and DCM 
and the peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 3 hours and processed as described 
in Example 1. The crude material was purified using HPLC as described in Example 1 and characterized by MS. 
(M+H)+: found 728.3, calc. 728.4. 

35 

Example 5 

Synthesis of Allty> D Aph-Glu-Aro-Chq-NH ? 

40 [0067] To 1g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures in Example 1. following protected amino acids were coupled: Fmoc-Chg-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and AJIoopAph. The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 
3 hours and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 71 5.8, calc. 71 5.4. 

45 

Example 6 

Synthesis of Allocs mpA ph^lu-Am-Cha-NH; 

so [0068] To 1g of TentaGel S NH 2 resin (substitution 0.26mmol/g), Knorr amide linker was attached. According to gen- 
eral procedures in Example 1, following protected amino acids were coupled: Fmoc-Cha-OH, Fmoc-Arg(Pmc)-OH, 
Fmoc-Glu(OtBu)-OH and Alloc-(D)pAph-OH (synthesized according to the same procedure as Alloc-pAph-OH in 
Example 2). The peptide was cleaved and deprotected by mixture TFA/thioanisole (95/5) for 3 hours and processed as 
described in Example 1. The crude compound was purified using HPLC as described in Example 1 and characterized 

55 by MS. (M+H)+: found 729.2, calc. 729.4. 
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Example 12 

Synthesis of Aiinc P Anh.fii.up F | th r hFI - NH: 

S J^SiXSSl^ to? reSi " (SU ^° n a26mm °' 9) - KTOfr amide linkar " as According to 

?^SS^ aSffiS^ 9 amiTO addS ^ C ° Upled: Fm coCha-OH, Fmoc-Dab(Boc)-OH. 

1 Z^d^S^^if^- Th c e Pept ' de W3S deaved and de P">tected by mixture TFA/thioanisole (95/5) fo 
1 hour and processed as descnbed in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and characterized by MS. (M+H)+: found 673.2. calc. 673A described in 

Example 13 

Synthesis of Allo C -pAnh-fii...Ai a ^ ( :, Nm _ MHi] MHj 

1™, lif 9 ° ,Ten c teGel S NH 2 resin (substitution 0.26mmol/g). Knorr amide linker was attached. According to 
general procedures .n Example 1. following protected amino adds were coupled- Fmoc-Ala(3-CN)-S? mD T 
GMOffiu)-OHand^^ 

and this solution added to the resin prewashed with pyridine/triethylamine 2:1). After oTer^t standing reS 
washed wrth acetone and treated with solution of 20o/,methyliodide in acetone overnight. Resin was Sen hashed wi th 
acetone and methanol. The resin bound methylthioimidate is then converted to amidine by 3 hou ^ZEJT 
55-C) of the res.n wrth solution of 10 eq of ammonium acetate in methanol containing 5% acetic add I AfteTth! Si 

ro^r^ methan0 '' DMFl DCM - ^ « claa «* and dep^ed^ nLuro 
S? ?dTSS P hour and processed as described in Example 1. The crude compound was purified us^ 
HPLC as descnbed in Example 1 and characterized by MS. (M+H)+: found 533.3. calc. 533.2 

Example 14 

Synthesis of Alfoc-nAnh-fiiii-Giv-Cha-NH .. 

M add?vj"°^ (substi^on0.78mmo^g). after Fmoc-deprotection. the following protected amino 

SZ^.?irlTL 9 r Pr0CedUre ' d6SCribed in ^""P' 9 1: ^oc-Cha^H. Fmoc-Gly-OH. Fmoc- 
ht^d n^J^l h P ^ * c 6 PepU * W3S deaVed and de P«**ted by mixture TFA/thioanisole (95 5) for 1 
hour and processed as described in Example 1. The crude compound was purified using HPLC as described in Exam- 
ple 1 and characterized by MS. (M+H)+: found 630.1, calc. 630.3. aescrioed in Exam 
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Example 15 

Synthesis of Alloc-pAph-fiiH-A fr iW-CH r ^PhlGly-NH; 

[0077] For N-substituted glydnes. the procedure of Zuckermann et al. (J. Am. Chem. Soc. 1 141 0646(1992i which 
is incorporated herein by reference) was used. i« iuo40(i»9Z), wnich 

[0078] To 0.1g of Rink resin (substitution 0.78mmol/g). after Fmoc-deprotection. bromoacetic acid was coupled via 
symmetocai anhydride in DCM7DMF. After 10 minutes, the resin was washed wi* DCM and 

ZoMF 6 ^ T D( T M DMF ' reSi " WaS * h 1 M «**" * Phenethyl JStSSSSSSSi 
After DMF wash.ng, the resin was reacted with symmetrical anhydride of Fmoc-Asn(Trt)-OH in DCM/DMF. 

toSSStt ESS ST? Pr0CedUre8 Examp ' e 1 1 foll0win9 pro,ected amino acWs w ere coupled: 

faTT^???^ ^ Alloc^fvOH. The peptide was deaved and deprotected by mixture TFA/thioanisole (95/5) 
for 1 hour and processed as described in Example 1. The crude compound was purified using HPLC as described in 
Example 1 and charaderized by MS. (M+H)+: found 694.9. calc. 695.3 oescnoed .n 

Example 16 



Synthesis of All 
55 H-ThrfBzO-NH-CH^CHz-CHfPhk • HCI 

2„ ^JiT 0 ,? %?tl^ >OH ^ diSS0,V6d in 1 ° m ' DCM ' 2 mm0 ' 0f W^Vtamme were added and the 
sdution was coded to 0°C. With stoning. 2 mmol of isobutylchloroformate were slowly added. With cooling bath 
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Synthesis of Alloc-pAph-glU'Asn-NH-CH 2: gtj 2 iEb 

2-(SH2-(S)-Allytoxycart>™^ acid 5-tert-butyl ester 1- 

methyl ester; hydrochloride 

[0084] To 2-(S)-al(yloxycarbonyiamino-3-(4^rbamimidoyl-pheny1)-propionic acid; hydrochloride (3.48 g, 10.6 mmol) 
and 2-(S)-amino-pentanedioic acid 5-tert-butyi ester 1 -methyl ester; hydrochloride (2.7 g, 10.6 mmol) in 20 ml of DMF 
were added at -15°C TOTU (3.83 g, 1 1.67 mmol) and N-ethylmorpholine (2.7 ml, 21.2 mmol). The mixture was stirred 
for 1 hour and then allowed to warm to room temperature. After evaporation ethyl acetate was added to the residue and 
the organic layer was extracted with aqueous sodium hydrogen carbonate solution, potassium hydrogen sulfate solution 
and water. The organic layer was evaporated. Yield: 2.8 g; (50%), MS 491.3 (M + H)+. 

2-(S)-[2-(S)-Allyioxycarbonylaminch3-(4-c^ acid 5-tert-butyl ester 

[0085] To 2-(S)-[2-(S)-Ally1oxycart>onylamino^ acid 5-tert- 

butyl ester 1 -methyl ester; hydrochloride (3.06 g, 5.8 mmol) in 100 ml of water and 30 ml of THF was added lithium 
hydroxide hydrate (0.49 g, 11.6 mmol). The solution was stirred at room temperature for 12 hours, evaporated and 
freeze-dried. The residue was purified by chromatography on Sephadex LH20 employing n-butanol (17): glacial acetic 
acid (1): water (2) as eluent. Pure fractions were combined. The solvent was evaporated, the residue was taken up in 
water and the aqueous solution was freeze-dried. Yield: 2.7 g; (97%), MS 477.4 (M + H)+. 

4-(SH2-(S)-Allyloxycartx>nylamino-3-(4-ra 
raroamoyi)-ethyicaroamoyl)-butyric acid; hydrochloride 
(Alloc-pAph-Glu-Asn-NH-CH r CH r Ph) 

[0086] To 2-(SH2-(S)-Ally1oxycarbonylamino^ acid 5-tert- 

butyl ester (48 mg, 0.1 mmol) and 2-(S)-Amino-N1-phenethyl-succinamide; hydrochloride (27 mg, 0.1 mmol) in 5 ml of 
DMF were added at 0°C HATU (39 mg, 0.1 mmol) and collidine (24.2 mg, 0.2 mmol). The mixture was stirred for 1 hour 
and then allowed to warm to room temperature. After evaporation the residue was purified by chromatography on 
Sephadex LH20 employing n-butanol (17): glacial acetic acid (1): water (2) as eluent. Pure fractions were combined. 
The solvent was evaporated, the residue was taken up in water and the aequous solution was freeze-dried. Yield: 45 
mg; (66%), MS 638.4 (M + H)+. 

Example 21 

Synthesis of Alloc-DAoh-Glu-Asn-NH-f 3-chlorobenzvl) 

[0087] To 2-(SH2-(S)-Allylc>xycarbonylamino-3-(4^rbamimidoyl-phenyl)-proD acid 5- tert- 

butyl ester (50 mg, 0.105 mmol) and 2-(S)-Amino-N1-(3-chlorobenzyl)-sucdnamide; trifluoroacetate (61mg, 0.16 mmol) 
in 5 ml of DMF were added at 0°C TOTU (36 mg, 0.1 1 mmol) and N-ethylmorpholine (57 uJ, 0.4 mmol). The mixture was 
stirred for 1 hour and then allowed to warm to room temperature. After evaporation the residue was purified by chroma- 
tography on Sephadex LH20 employing n-butanol (17): glacial acetic acid (1): water (2) as eluent. Pure fractions were 
combined. The solvent was evaporated, the residue was taken up in water and the aequous solution was freeze-dried. 
Yield of 4-<SM2^S)-allyloxycarbonylamino-3-(4-carbam -(S)-(3-chlo- 
rob^nzy1carbamoy1)-ethylcarbamoy1)-butyric acid (Alloc-pAph-Glu-Asn-NH-(3-chlorobenzyl): 28 mg; (41%), MS m/z 
658.3 (M + H)*. 

Example 22 

Determination of Ki for FVlla inhibitor 

[0088] The inhibitory activity (Ki) of each compound towards factor Vila/tissue factor activity was determined using a 
chromogenic assay esentially as described previously (Ostrem J A, Al-Obeidi F, Safar P, Safarova A, Stringer S K, Patek 
M, Cross M T, Spoonamore J, LoCascio J C, Kasireddy P, Thorpe D S, Sepetov N, Lebi M, Wildgoose P, Strop P, Dis- 
covery of a novel, potent, and specific family of factor Xa inhibitors via combinatorial chemistry. Biochemistry 
1998,37,1053-1059). Kinetic assays were conducted at 25 °C in half-area microtiter plates (Costar Corp., Cambridge, 
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MA) using a kinetic plate reader (Molecular devices Spectramax 250). A typical assay consisted of 25 u.l human factor 
Vila and TF (5 nM and 10 nM, respective final concentration) combined with 40 uJ of inhibitor dilutions in 10% 
DMSO/TBS-PEG buffer ( 50 mM Tris, 15mM NaCI, 5 mM CaCI 2 ; 0.05% PEG 8k pH 8.15). Following a 15 minute prein- 
cubation period, the assay was initiated by the addition of 35 uJ of the chromogenic substrate S-2288 (D-lle-Pro-Arg- 
5 pNA, Pharmacia Hepar Inc. 500 \iM final concentration.). The apparent inhibition constants were calculated from the 
slope of the progress curves during the linear part of the time course, typically between 1 and 5 min following addition 
of substrate to the assay. The true Ki was subsequently determined for each compound by correcting for subtrate con- 
centration (S) and the Km using the formula Ki= Ki app/ (1 + (Ss)/Km) (Segal IH (1975) Enzyme Kinetics, John Wiley 
& Sons, New York, New York, pp 100-125) 

10 

Claims 

1 . A compound of the formula I 
15 R1-A-B-D-E n -R2 (I) 

wherein 

R1 represents 

20 

hydrogen, 

1 to 3 amino acids, the N-terminus of which can be substituted with a substituent selected from the group 
consisting of R14CO, R15S0 2 and an amino protecting group, 
R12C(0) or 
25 R13, 

wherein 

R12 is selected from the group consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylamino, aike- 

nyiamino, alkynylamino, alkenyioxy, alkynyloxy, aryl, heteroaryl, heterocycloalkyl, heteroar- 
30 ylalkyl, heterocycioalkylalkyl, heteroalkyt, heteroalkenyl and heteroalkynyl, which radicals 

can be substituted, 

R13 is selected from the group consisting of an amino protecting group, hydrogen, alkyl, aryl, 

arylalkyl, heteroaryl, heteroarytalkyl, heterocycloalkyl and heterocycioalkylalkyl, 

35 

R14 and R15 are independently selected from the group consisting of alkyl, aryl, arylalkyt, heteroaryl, 
heteroarylalkyl, heterocycloalkyl and heterocycioalkylalkyl, 

A is the group A1-A2-A3, wherein 

40 

A1 is NR91, wherein R91 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heter- 
oaryl, heteroarylalkyl, heterocycloalkyl and heterocycioalkylalkyl, 

A2 is CR92R93, wherein R92 and R93 independently are selected from the group consisting of hydrogen 
45 and the radicals alkyl. aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl and heterocycioalky- 

lalkyl, which may be substituted, 

A3 is C(O), 

so B is the group B1-B2-B3, wherein 

B1 is NR95, wherein R95 is selected from the group consisting of hydrogen, alkyl, aryl, arylalkyl, heter- 
oaryl, heteroarylalkyl, heterocycloalkyl and heterocycioalkylalkyl, 

55 B2 is CR96R97, wherein R96 and R97 are independently selected from the group consisting of hydrogen 

and the unsubstituted or substituted radicals alkyt, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocy- 
cloalkyl and heterocycioalkylalkyl, 
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B is selected from the group consisting of glutamic acid, glutamic add ester and a pharmaceutical acceota- 
ble salt of glutamic acid, M 

D is a residue selected from the group consisting of Arg, Dap, Dab, Om, Lys, Dap[-C(=NH)-NH„1 Dabf- 
C^NHJ-NHd, Lys[-C(=NH)-NH2J, Asn, Ser, Thr, Ser(Bzl), Arg(N0 2 ), Trp, Phg, Ala, Val, lie, Leu Phe 2- 
Abu, Ala(3-CN), Ala(3-amidino), 2-Abu(4-CN), 2-Abu(4-amidino), 
E is a residue selected from the group consisting of Cha, Chg and Phe[4-C(-S-CH r CH r S-)-Ph] 
R22 is hydrogen or a radical selected from the group consisting of benzyl, phenethyl, 3-phenylpro^l, fluorenyl 
diphenylmethyi, diphenylethyl and diphenylpropyl, which radicals may be substituted with a substituent 
selected from the group consisting of F, CI. Br, hydroxy, methoxy, nitro, cyano, alkylsulfonyl, aminosulfbnyl 
and tnfluoromethyl. 7 

18. The compound of claim 10, which is 

Alloc-pAph-Glu-Arg-Cha-NH 2 , 

Allylaminocarbonyl-pAph-Glu-Arg-Cha-NH 2 , 

Alloc-pAph-Glu-Arg-Chg-NH 2 , 

Alloc-pAph-Glu-Dap[-C(=NH).NH2]-Cha-NH 2 , 

Alloc-pAph-Glu-Ala[3-C(=NH)-NH2]-Cha-NH 2 , 

Alloc-pAph-Glu-Asn-Cha-NH 2 , 

Alloc-pAph-Glu-Dab-Cha-NH 2 , 

Alloc-pApr>-Glu-Dap[-C(=NH)-NH 2 ]-NH 2 , 

AHoc-pAph-Glu-Gly-Cha-NH 2 , 

AlloopAph-Glu-ThrtBzO-NHKCH^^HfPh^, 

Alloc-pAph-Glu-Dab-NH-CH2-CH r phenyl ( 

Alloc-pAph-Glu-Asn-NH-CH r Chx, 

Alloc-pAph-Glu-2-Abu[4-C(=NH)-CH3]^ha-NH 2l 

AlloopAph-Glu-Dap[-C(=NH)-CH3]-Cha-NH 2l 

AHoc-pAph-Glu-Dab[-C(=NH)-NH2]-Cha-NH 2l 

Alloc-pAph-Glu-2-Abu[4-CN]-Cha-NH 2 , 

Alloc-pAph-GIu-Ala[3-CN]-Cha-NH 2 , 

Alloc-pAph-Glu-Asn-( 1 -naphthyl)-methylamide, 

Alloc-pAph-Glu-Asn-(1 -naphthylM -ethylamide, 

Alloc-pAph-Glu-Asn-{2-naphthyl)-methylamide, 

Alloc-pAph-Glu-Asn-(3,4-dichlorobenzyl)-amide, 

Alloc-pAph-Glu-Asn-2-(3-chlorophenyl)-ethylamide, 

AlloopAph-Glu-ArgfNOd-Cha-N^, 

AlloopAph-Glu-Cys[Bzl]-Cha-NH 2 , 

Alloc-pAph-Glu-Trp-Cha-NH 2 , 

Alloc-pAph-Glu-Phg-Cha-NH 2 , 

Alloc-pAph-Glu-Asn-{9-fluorenyl)-amide, or 

Alloc-pAph-Glu-Asn^S.S-ditrifluormethylbenzylJ-amide, 

and pharmaceutically acceptable salts, amides, esters thereof. 

19. A process for the preparation of a compound as defined in claim 1, which comprises 

a1) attaching a compound of the formula Fmoc-En-OH or FmooD1-D2-COOH, where Fmoc is 9-fluorenyl- 
methoxycarbonyl and E„, D1 and D2 are defined as in claim 1 , to an acid sensitive linker coupled to a solid sup- 
port, and cleaving off the protecting group Fmoc, 

a2) repeating the procedure as described in step a1) above with Fmoc-B1-B2-COOH, 

a3) repeating the procedure as described in step a1) above with R1-A1-A2-COOH, and 

a4) finally cleaving off the compound obtained according to steps a1 ) through a3) above by means of TFA from 

the resin, where TFA is trifiuoroacetic acid, 

or 

b1) coupling the side chain carboxylic acid of Fmoc-B1-CH(R97)-COOPG, where Fmoc is as defined in step 
a1) above, R97 is a radical as defined in claim 1 except hydrogen, which is substituted with a hydroxycarbonyl 
group, and PG is a protecting group, to an acid sensitive benzylalcohol type of linker attached to an amino funo 
tionalized resin, 



23 



£ P 0 987 274 A1 

M deavng off the protecting g,oup p G 
M) couplino HIWRPnuoo _ P PG> 



U1B protecting grouDPG 
W) coupling HN(R80>D2-O3-p /£ u!' 

^•Amemodofreducingorinhibitingwoocic,^ • ^ W * ^ «*r th«fer. ^ 



25 



30 



35 



40 



45 



50 



55 



24 



EP 0 987 274 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 4 ^ Numbw 

s^^^^^^"^^^^? 98 n 7506 
onxeedir^ s 1 ^. 'or the purposes of subsequenl tr *° 11 /S, ° 6 
proceedings, as the European search report 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation ol document with indication, where aporooriate 
of relevant passages ^ 



WO 89 09612 A (CORVAS INC) 19 October 1989 

* the whole document * 

WO 90 03390 A (CORVAS INC) 5 April 1990 

* claims 1,2,6-8,10,17-19; tables I-III * 
W0 91 07432 A (UNIV TEXAS) 30 May 1991 
♦claims 1-3,6,8,9,27,30,31.34-37; tables 

WO 95 00541 A (HOLMES MICHAEL JOHN 

iK U 2 D 1 NYCOME0 AS (NO): STEPHENS ROSS 
WENTW) 5 January 1995 

* the whole document * 

WO 96 40779 A (MATTHEWS DEREK PETER 

;2ax OI ? e ?„ IMA6IN6 as (no >: oer ning LARS 
i NO);) 19 December 1996 

* claims 14,6-12; examples 4,5; table I * 

-/-- 



INCOMPLETE SEARCH 



Relevant 
to claim 



1-5,7,8, 
19-22 



1-10,14, 
16,19-22 



1-10,14, 
16,19-22 



1-10,14, 
16,19-22 



1-10,14, 
16,19-22 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI,St 



C07K5/11 
C07K5/09 
A61K38/06 
A61K38/07 



Ckfm» a«rch»d oomptotelv : 
CWm» toarehad Incompletely : 
CttnwnotaMrctwd: 



tor 9m UMtation of mt 

see sheet C 



TECHNICAL RELOS 
SEARCHED (lntCl.8) 



C07K 

A61K 



PtKMor* 

THE HAGUE 



CATEGORY OF CITED DOCUMENTS 
X : pfljttoufw* rttevant if laton atom 

oocurmnt of ttw aamt catMOfv 
A : tochnofogtoaJ P*cfcojo*jr»l^ 
O : non*rrm»n dbdotu* 
P : HtrmtdWt document 



5 March 1999 



T : thtoryc 
E:otrlorp_ 

O : tteurmnt dttd in ttw jetton 
L : docunont cited for atom rattont 



Groenendljk, M 



y orprtnc*U underlying tho Invtrrflon 



25 



European Patent 
Office 



BP 0 987 274 A1 



PARTIAL EUROPEAN SEARCH REPORT 

98 11 7506 



J^^oT^— 

f «I2!SvanS 

fee" eV^o^"* THOMAS ET AL) 
I* the whol e document * 

* the whole document ♦ 



Reievaro 
tocteim 

|l-4, 
6-10, 
19-22 



NO, 12, 
14-16, 
19-22 



^A^FICATION-STFSr 

*ppuc»now (im.ci.t) 



26 



1 



EP0 987 274 A1 




European Patent INCOMPLETE SEARCH Appo-tfon > 

ow ~ SHEET C EP 98 11 7506 



Although claim 21 IS directed to a method of treatment of the 
human/animal body (Article 52(4} EPC), the search has been carried out 
and based on the alleged effects of the conpound/composition. 



Claim(s) searched completely: 
17,18 

Claim(s) searched inconpletely: 
1-16,19-22 

Reason for the limitation of the search: 

The scope of the claims 1-16 is very broad and speculative. A formula 
consisting virtually of variables which are moreover in at least part of 
the claims ill-defined (e.g. the use of "alkyl\ "aryT and "heteroaryl") 
cannot be considered to be a clear and concise definition of patentable 
subject-matter (Art. 84 EPC). 

Furthermore the available experimental data actually only comprise a very 
small part of the conpounds claimed, which part is moreover not evenly 
distributed over the whole claimed area. Therefore the claims can also 
not be considered to represent a permissible generalisation which is 
fairly based on experimental evidence, that is, they are also not 
adequately supported by the description (Art. 84 EPC). 
Therefore a meaningful and economically feasible search could not 
enconpass the conplete subject-matter of the claims. Consequently the 
search had been limited to the actually synthesised exanples and 
(closely) related analogs, that is the compounds enconpassed by the 
claims 17 and 18 (see also the examples 3-21) and also the claims 19-22 
as far as relating to said compounds, and has been extended to compounds 
having the same activity(Rule 45 EPC, Guidelines BIV,2.1 and BVIII, 5 and 
6). 



27 



EP 0 987 274 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 11 7506 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

05-03-1999 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




memberfs) 


date 


WO 8909612 


A 


19-10-1989 


US 


5023236 A 


11-06-1991 






A 1 1 

AU 


617169 B 


O 1 11 1 A A 1 

21-11-1991 






All 


^ A * *\ r A A A 

3413589 A 


AO It 1 AAA ' 

03-11-1989 






DK 


f i « n o a a 

611089 A 


f\C AO 1 AAA 

06-02-1990 






EP 


AO C iffi A 

0364561 A 


Of A a t AAA 

25-04-1990 






JP 


3502578 T 


1 A f\£ 1 AA 1 

13-06-1991 


WO 9003390 


A 


05-04-1990 


AU 


JlHrtC OA A 

4338689 A 


1 A A A 1 1 AAA 

18-04-1990 






EP 


A 1 A ■» AAA A 

0391999 A 


1 «7 t A 1 AAA 

17-10-1990 


W0 9107432 


A 


30-05-1991 


US 


^ •» AAA^A A 

5190919 A 


AA AO 1 AAO 

02-03-1993 






AT 


109794 T 


1 f « A 1 A A A 

15-08-1994 






AU 


6963491 A 


1 A A£ 1 A A 1 

13-06-1991 






DE 


69011531 D 


4 f" A A 1 A A A 

15-09-1994 






DE 


69011531 T 


08-12-1994 






DK 


500800 T 


05-12-1994 






EP 


ACAAOAA A 

0500800 A 


no_no_i oo9 
U2-U9-199£ 


WO 9500541 


A 


05-01-1995 


AT 


m AC A T 

171950 T 


1 C 1 A 1 AAO 

lb- 10-199© 






AU 


691814 B 


28-05-1998 






AU 


6975594 A 


17-01-1995 






CN 


1 125450 A 


tO UO-1990 






CZ 


A r A O A A A A 

9503340 A 


1 "7 AT 1AQC 

17-07-1996 






0E 


r r\ a a ion a 

69413817 D 


1 O 1 1 1 AAQ 

12-11-1998 






EP 


A^AAAAA a 

0703923 A 


AO Ail 1 AAC 

03-04-1996 






FI 


APf ACE A 

956055 A 


0£ A1 1 AAC 

26-01-1996 






HU 


7IA71 A 

74873 A 


OO AO 1 QA7 

2o-0Z-199/ 






JP 


8511794 T 


1 A 1 O 1 AAC 

10-12-1996 






NO 


955067 A 


14-12-1995 






NZ 


267453 A 


24-03-1997 






SK 


156395 A 


05-06-1996 






ZA 


9404337 A 


27-02-1995 


WO 9640779 


A 


19-12-1996 


US 


5837684 A 


17-11-1998 






AU 


5907496 A 


30-12-1996 






CA 


2223143 A 


19-12-1996 






EP 


0832129 A 


01-04-1998 


US 5663297 


A 


02-09-1997 


AU 


633872 B 


11-02-1993 






AU 


4994090 A 


20-09-1990 






CA 


2008116 A 


23-08-1990 






CS 


9000745 A 


13-08-1991 






EP 


0384362 A 


29-08-1990 






HR 


930498 A 


30-06-1995 






IL 


93422 A 


28-11-1994 






JP 


1931591 C 


12-05-1995 



§ For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



28 



EP 0 987 274 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 11 7506 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

05-03-1999 



Patent document 
cited in search report 



Publication 





Patent family 




Publics boo 




members) 




date 


Jp 


2264795 A 


29-10-1990 


JP 


6062672 B 


17-08-1994 


NX 


19467 A 


01-11-1993 


PT 


93245 A,B 


31-08-1990 


RU 


2024549 C 


15-12-1994 


AU 


2368395 


A 


16-11-1995 


CA 


2186497 


A 


02-11-1995 


CN 


1147261 


A 


09-04-1997 


CZ 


9603140 


A 


14-05-1997 


EP 


0758341 


A 


19-02-1997 


FI 


964317 


A 


25-10-1996 


HU 


76346 


A 


28-08-1997 


JP 


10503477 


T 


31-03-1998 


LT 


96151 


A, 8 


26-05-1997 


LV 


11740 


A 


20-04-1997 


LV 


11740 


B 


20-12-1997 


NO 


964553 


A 


27-12-1996 


NZ 


284977 


A 


24-09-1998 


PL 


317067 


A 


03-03-1997 


SI 


9520044 


A 


31-10-1997 


SK 


136696 


A 


07-05-1997 


US 


5849510 


A 


15-12-1998 


ZA 


9503361 


A 


12-01-1996 



US 5663297 



WO 9529189 



02-11-1995 



i Few more details about tha annex : see Official Journal of European Patent Office. No. 12/82 



29 



